Abstract. In patients undergoing percutaneous coronary intervention after acute myocardial infarction, hyperglycaemia on admission is associated with an increased risk of contrast-induced nephropathy (CIN). However, the effects of hyperglycaemia and elevated glycosylated haemoglobin (HbA1c) on CIN have remained to be fully elucidated. Therefore, a prospective cohort study was performed, comprising 258 patients who underwent coronary angiography between May 2017 and November 2017 at Zhongda Hospital affiliated with Southeast University (Nanjing, China). According to the diagnostic criteria for CIN (increase of serum creatinine by >44.2 µmol/l or by 25% within 48-72 h of using contrast agent), the patients were divided into two groups: CIN (45 cases) and non-CIN (213 cases). For all patients, the baseline data, medical history, laboratory parameters, medication history and intraoperative situation were recorded and assessed using single-factor analysis and multiple logistic regression analysis to analyse the risk factors of CIN. The incidence of CIN in the hyperglycaemia group (blood glucose on admission, >11.1 mmol/l) was 25%, compared with 13.8% in the non-hyperglycaemia group (P=0.026). Furthermore, the incidence of CIN in the elevated HbA1c group (HbA1c on admission, upper limit of normal) was 26.1%, compared with 14.3% in the group without elevated HbA1c (P=0.027). Hyperglycaemia was present on hospital admission in 84 of 258 patients (32.6%). The percentage of patients with elevated HbA1c was 26.7%. Age, estimated glomerular filtration rate, pre-operative blood cholesterol, hyperglycaemia on admission and elevated HbA1c were all identified to be associated with CIN. According to the multivariate logistic regression analysis, hyperglycaemia was an independent predictor of CIN (odds ratio, 2.815; 95% confidence interval, 1.042-4.581; P=0.029). In the acute coronary syndrome (ACS) and diabetes subgroups, hyperglycaemia was significantly associated with CIN. In the ACS subgroup, the incidence of CIN was 38.1%. It was indicated that hyperglycaemia is an independent risk factor for CIN, particularly in patients with ACS or diabetes. Trial registration no.
Introduction
Contrast-induced nephropathy (CIN) refers to acute renal dysfunction caused by contrast agents and is the third-leading in-hospital cause of acute renal injury (1) . At present, no effective methods for treating CIN are available, so that its prevention is essential. Studies have indicated that stress hyperglycaemia is a stronger predictor for the prognosis of patients with acute myocardial infarction than a history of diabetes mellitus and should therefore be considered during risk assessment (2) . In patients with CIN after percutaneous coronary intervention (PCI), hyperglycaemia tends to increase the risk of infection and in-hospital mortality (3). Stolker et al (4) reported that hyperglycemia is associated with contrast-induced kidney injury, while this association is hardly tenable in diabetic populations. Perkan et al (5) indicated that hyperglycemia on admission is linked to an increased risk of CIN, particularly when it occurs acutely. A study by Barbieri et al (6) indicated that elevated glycated-haemoglobin but not glucose levels is an independent factor associated with CIN among patients without diabetes undergoing coronary angiography or PCI. This issue remains to be widely debated, and no clear conclusions have been reached. Therefore, the present study aimed to explore the effects of hyperglycaemia and elevated glycosylated haemoglobin on CIN after coronary angiography and their predictive value in patients undergoing coronary angiography.
Materials and methods
Patients. The present study was a prospective single-centre cohort study performed at Zhongda Hospital affiliated to Southeast University (Nanjing, China; trial registration no. ChiCTR-OOC-17011466). A total of 258 patients, including 172 males and 86 females, who underwent coronary angiography between May 2017 and November 2017, were enrolled in a prospective, randomized manner. The inclusion criteria Effects of hyperglycaemia and elevated glycosylated haemoglobin on contrast-induced nephropathy after coronary angiography YU-HAN QIN  1 , GAO-LIANG YAN  2 , CHANG-LE MA  1 , CHENG-CHUN TANG  2 and GEN-SHAN MA were as follows: Age between 18 and 75 years, and planned coronary angiography due to chest tightness or chest pain. The exclusion criteria were as follows: Allergy to contrast agent; chronic renal insufficiency, stage-5 chronic kidney disease (CKD), haemodialysis and renal transplantation; computed tomography, magnetic resonance or other angiography within the previous 2 weeks; acute renal insufficiency or intake of a nephrotoxic drug within the previous 2 weeks; severe cardiac insufficiency, severe valvular heart disease or haemodynamic instability; and severe liver dysfunction, malignancy or severe infectious disease. The present study was approved by the Ethics Committee of Zhongda Hospital (Nanjing, China) and all patients provided written informed consent. The subjects were divided into a CIN and a non-CIN group. The baseline information of the patients is presented in Table I .
Evaluation of CIN and hyperglycaemia. The pre-and post-operative serum creatinine levels within 48-72 h after coronary angiography were assessed to evaluate whether CIN occurred. On admission, blood glucose and glycosylated haemoglobin (HbA1c) were determined, and the differences in hyperglycaemia and elevated HbA1c were compared between the CIN and non-CIN groups. Binary logistic regression analysis was performed and the receiver operating characteristic (ROC) curve was drawn to assess whether hyperglycaemia and elevated HbA1c are independent risk factors for CIN, and thereby determine their predictive value.
Obser vational indexes a nd evaluation methods.
Hyperglycaemia, elevated HbA1C, baseline data, haematology indexes, medication history and the intraoperative condition were compared between the CIN and non-CIN groups in order to identify independent risk factors for CIN.
Definitions of hyperglycaemia, elevated HbA1C and CIN.
No exact criteria have been established to define stress hyperglycaemia in China or other countries. The international literature generally defines hyperglycaemia as blood glucose >11.1 mmol/l on admission (7) . Therefore, the patients of the present study were divided into a hyperglycaemia group (blood glucose on admission, >11.1 mmol/l; 84 cases) and a control group (blood glucose on admission, ≤11.1 mmol/l). A reasonable HbA1c control target is <7%. Therefore, HbA1c ≥7% may be used as a criterion for type 2 diabetes patients who require clinical treatment or a treatment adjustment. Patients with HbA1c ≥7% on admission were considered as the elevated HbA1c group. CIN was diagnosed based on an increase in serum creatinine by >25% or by 44.2 µmol/l within 48-72 h of coronary angiography after excluding other factors that cause acute kidney injury. Accordingly, the patients were divided into a non-CIN group (213 cases) and a CIN group (45 cases). The CKD-Epidemiology Collaboration formula was used to calculate the estimated glomerular filtration rate (eGFR) (8) .
PCI and clinical medication. Using the Seldinger puncture method, the right radial or right femoral artery was selected. If necessary, PCI was performed. One of two types of contrast agent, iodopuron (a non-ionic hypotonic contrast agent; Bayer AG, Leverkusen, Germany) or iodixanol (a non-ionic isotonic contrast agent; GE Healthcare, Little Chalfont, UK), was selected. Based on the individual clinical condition, the use of drugs including aspirin, renin-angiotensin converting enzyme inhibitors, angiotensin II receptor antagonists, beta-blockers, calcium channel antagonists, statins, diuretics, alprostadil and cardiac drugs, as well as measures including hydration and intensive statin treatment were adopted. For patients with chronic renal insufficiency or elderly patients, the reduction of contrast agent use, hydration, the close monitoring of renal function, and temporary blood purification treatment was performed depending on the clinicians' decision based on the patient's individual condition.
Statistical analysis. SPSS 19.0 statistical software (IBM Corp., Armonk, NY, USA) was used for data analysis. The normally distributed numerical data were expressed as the mean ± standard deviation and compared using the independent-samples t-test. Non-normally distributed numerical data were expressed as the median and 25-75 interquartile range and compared using the rank-sum test. Classification data were expressed as numbers and percentages and compared using the χ 2 test. Binary logistic regression analysis was used to assess the risk factors for CIN. The predictive value of blood glucose for CIN was evaluated by generating a ROC curve. P<0.05 was considered to indicate a statistically significant difference. Table I compares the baseline data and past history of the CIN and non-CIN patients. Results demonstrated that CIN occurred in 45 patients (Table I) . No significant differences in sex, height, weight, body mass index, systolic or diastolic blood pressure, diabetes, hypertension, acute myocardial infarction, New York Heart Association class, emergency PCI, anemia, hypotension, CKD, past myocardial infarction, atrial fibrillation or acute coronary syndrome (ACS) were present between the CIN and non-CIN groups (P>0.05). However, the age in the CIN group was significantly higher than that in the non-CIN group (P=0.045).
Results

Clinical characteristics in the CIN and non-CIN groups.
Comparison of the haematological parameters (Table II) , drug use and intraoperative conditions (Table III) between the CIN and non-CIN groups revealed no significant differences in white or red blood cell counts, Hb, platelet count, alanine aminotransferase, aspartate transaminase, lactate dehydrogenase, blood glucose, triglycerides, cholesterol low-density lipoprotein, pre-operative serum urea nitrogen, as well as the intake of aspirin, beta blockers, renin-angiotensin converting enzyme inhibitor, angiotensin II receptor antagonist, calcium channel blocker or renal protective drugs, and the dosage of contrast agent, type of contrast agent, multiple vasculopathy, multi-stent implantation, hydration and hydration dosage (P>0.05). Pre-operative serum creatinine, total cholesterol, pre-operative eGFR, hyperglycemia and elevated HbA1c in the CIN group were significantly higher than those in the non-CIN group (P=0.048, 0.026, 0.028, 0.028 and 0.022, respectively). Hyperglycaemia was present in 84 of 258 (32.6%) patients upon hospital admission and 69 (26.7%) patients exhibited elevated HbA1c. Values are expressed as n (%), the median (quartile) or the mean ± standard deviation. RBC, red blood cells; HbA1c, glycosylated haemoglobin; PLT, platelets; ALB, albumin; ALT, alanine transaminase; AST, aspartate transaminase; GOT, glutamic-oxalate transaminase; LDH, lactate dehydrogenase; Glu, glucose; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; Bun, blood urea nitrogen; HbA1c, glycosylated haemoglobin; CIN, contrast-induced nephropathy.
Binary logistic regression analysis of potential risk factors for CIN revealed that age, pre-operative eGFR, total cholesterol and hyperglycaemia are independent risk factors [P=0.037, 0.024, 0.009 and 0.039, respectively; odds ratio (OR)=1.075, 0.779, 1.500 and 2.815; 95% confidence interval (CI) 1.005-1.151, 0.628-0.869, 1.105-2.030 and 1.042-4.581; Table IV] .
CIN incidence in different groups. The incidence of CIN in the hyperglycaemia group (25.0%; blood glucose on admission, >11.1 mmol/l) was significantly higher (P=0.026; Fig. 1 ) compared with the non-hyperglycemia group (13.8%; blood glucose on admission, >11.1 mmol/l). Furthermore, the incidence of CIN in the elevated HbA1c group (26.1%; HbA1c on admission, upper limit of normal) was significantly higher (P=0.027; Fig. 1 ) compared with the group without elevated HbA1c (14.3%).
Subgroup analyses. In the ACS subgroup, the incidence of CIN was 38.1%. The difference in the incidence of CIN between the hyperglycaemia and control groups was significant in the ACS (P=0.046) and diabetes (P=0.037) subgroups (Fig. 2) , but not in the non-ACS or non-diabetic subgroups (P=0.270 and 0.936, respectively).
ROC analysis. The ROC curves for the predictive value of the blood glucose levels for CIN for all patients and diabetes patients are presented in Figs. 3 and 4 , respectively; the areas under the curve with 95% CIs were 0.569 (0.469-0.669) and 0.652 (0.427-0.876), respectively. The ROC curves for the Values are expressed as n (%), median (quartile) or the mean ± standard deviation. ACEI, angiotensin-converting enzyme inhibitors; CCB, calcium channel blocker; CIN, contrast-induced nephropathy. Table IV . Binary logistic regression analysis of the risk factors for contrast-induced nephropathy after coronary angiography. predictive value of post-operative serum creatinine for CIN is presented in Fig. 5 , and the area under the curve with 95% CI was 0.559 (0.427-0.618). The area under the curve value was relatively poor, indicating that blood glucose levels do not exhibit a strong predictive value for CIN; however, the area under the curve value was stronger in patients with diabetes (Fig. 4) .
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Discussion
CIN is an acute renal injury caused by contrast agents. It is the third major cause of acute in-hospital renal injury and increases the burden on patients and society in terms of hospitalisation time, all-cause mortality and kidney disease morbidity (9) . Therefore, CIN has drawn the attention of radi- (9) . Therefore, CIN has drawn the attention of radi-9). Therefore, CIN has drawn the attention of radi-). Therefore, CIN has drawn the attention of radiTherefore, CIN has drawn the attention of radiologists, interventionists, nephrologists and cardiovascular specialists.
Diabetic patients have twice the risk of cardiovascular events of that of healthy individuals. Cardiovascular disease is the leading cause of mortality in diabetic patients, accounting for 75% of mortalities (10) . A 20-year follow-up of the Whitehall study demonstrated an association between hyperglycaemia and cardiovascular events in non-diabetic populations (11) . In 2010, a Chinese chronic disease surveillance and diabetes investigation revealed that the prevalence of diabetes in China was 11.6% (12) . In diabetes patients with cardiovascular disease who required coronary angiography or percutaneous coronary intervention, diabetes is a risk factor for acute renal injury after coronary angiography (13) . Therefore, it is impor-13). Therefore, it is impor-). Therefore, it is important to study the correlation between blood glucose and CIN.
Stress hyperglycaemia usually refers to the transient hyperglycaemia that occurs during a disease. The American Diabetes Association consensus defined the concept of hyperglycaemia as fasting glucose >6.9 mmol/l or random glucose >11.1 mmol/l without any evidence of previous diabetes (7). This concept was used to define stress hyperglycemia: Random glucose on admission, >11.1 mmol/l, regardless of the patient's diabetes status.
Stress hyperglycaemia is widely recognised as a predictive factor of poor prognosis in myocardial infarction patients (14) . It is also closely associated with mortality and in-hospital complications (15, 16) . Stress hyperglycaemia increases the risk of acute kidney injury and is an independent risk factor for acute renal injury in acute myocardial infarction patients. Furthermore, acute kidney injury is correlated with in-hospital mortality (17) . A study by Stolker et al (4) comprising 6,358 non-diabetic patients with acute myocardial infarction indicated that hyperglycemia is associated with contrast-induced kidney injury, the risk of CIN is dependent on hyperglycemia. In a presentation at the European Society of Cardiology congress in 2013, Perkan et al (5) reported that hyperglycemia on admission is associated with an increased risk of CIN, particularly when hyperglycemia occurs acutely. A study including high-risk elderly patients with impaired renal function indicated that the incidence of CIN is associated with diabetes mellitus (18) .
Due to hyperglycaemia leading to CIN, hyperglycaemia may be a stress response phenomenon due to sympathetic nervous system activation, which promotes cortisol and catecholamine release, leading to ischemic injury of the renal outer medulla. Hyperglycaemia increases the production of oxygen free radicals and inhibits blood flow-mediated vascular dilation, leading to hypoxia and ischemia. Acute hyperglycaemia may also act as an osmotic diuretic, resulting in insufficient renal perfusion, which increases the risk of CIN. Hyperglycaemic patients also develop more metabolic abnormalities in comparison with non-hyperglycaemic patients, resulting in elevated levels of inflammatory biomarkers. These increase the systemic inflammatory response and the risk of nephrotoxicity. Particularly in patients with acute myocardial infarction, a variety of neurohormones, as well as immune and inflammatory pathways are activated, leading to kidney damage (3, 19) . Stress hyperglycaemia is also a response to insulin deficiency, which is associated with increased circulating free fatty acids, causing kidney injury. In brief, contrast medium and an elevated glucose levels have a synergistic effect on CIN (20) .
HbA1c is a product of Hb and blood glucose. It more accurately reflects long-term glycaemic control with blood glucose and helps to identify undiagnosed diabetic patients (21) . A study by Barbieri et al (6) indicated that among patients without diabetes undergoing coronary angiography or PCI, elevated HbA1c but not glucose levels is a factor independently associated with CIN, and the adjusted OR with 95% CI was 1.69 (1.14-2.51).
In the present study, the subjects were divided into hyperglycaemia and control groups using a cut-off of 11.1 mmol/l. The association between hyperglycaemia and the incidence of CIN was significant. This association was confirmed in the diabetes and ACS subgroups. However, in patients with stable coronary heart disease and patients without diabetes, the incidence of CIN was not significantly associated with hyperglycaemia. The reason may be that hyperglycaemia was not obvious in the patients without ACS. The percentage of patients with unstable angina, non-ST-elevation myocardial infarction or ST-elevation myocardial infarction was only 19.4% (50 patients). The binary logistic regression analysis indicated that age, pre-operative eGFR, total cholesterol and hyperglycemia were independent risk factors for CIN after regression analysis was performed on patients with ACS and diabetes. The area under the curve value of pre-operative creatinine for CIN was 0.559, indicating that blood glucose is rather poor at predicting CIN, but is more effective when compared with serum creatinine. This may be due to the following reasons: When pre-operative serum creatinine levels are low, post-operative creatinine levels easily rise by >25% of the pre-operative level, and it is therefore easy to achieve the diagnostic criteria for CIN. Furthermore, when basal serum creatinine is high, considering that chronic renal insufficiency may be present, the probability of CIN is high. Therefore, it is inappropriate to use pre-operative serum creatinine or eGFR to predict the probability of CIN. The Chinese type 2 diabetes prevention and treatment guidelines (2013 version) state that HbA1c is one of the major indicators of blood glucose control in the long-term (22) ; for most non-pregnant adults with type 2 diabetes, a reasonable HbA1c control target is <7%. HbA1c ≥7% may be used as the level at which type 2 diabetes patients need to start clinical treatment or adjust their treatment. The results of the present study suggested that the incidence of CIN was significantly higher in the high HbA1c group than in the control group, but the binary logistic regression analysis indicated that HbA1c was not an independent risk factor for CIN. Larger studies are required to confirm this association.
The results of the present study indicated that the incidence of CIN is as high as 17%. At present, no specific methods are available for the prevention or treatment of CIN. Commonly used measures include minimising the amount of contrast agent, hydration, using a pre-heated isotonic contrast agent and stopping the use of nephrotoxic drugs, including non-steroidal anti-inflammatory drugs, cyclosporine and aminoglycoside antibiotics prior to angiography (23) . In addition, a meta-analysis suggested that low-dose N-acetylcysteine and statins had a significant effect on reducing the incidence of CIN (24) .
In conclusion, the present study suggested that in patients undergoing coronary angiography, acute hyperglycaemia is closely associated with the risk of CIN, particularly in ACS and diabetes patients. Further research is required to evaluate the association between CIN and HbA1c.
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